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54) MAGNETIC RECORDING MEDIUM, METHOD FOR MANUFACTURING THE SAME AND MAGNETIC 
RECORDING AND REPRODUCING DEVICE 

57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic recording medium in 
vhich the crystal orientation of the magnetic film can be increased and 
:he magnetic particles can be made fine, and to provide a method for 
nanufacturing the medium and a magnetic recording and reproducing 
Jevice. 

SOLUTION: A soft magnetic base film 2, orientation controlling film 4 f 
>erpendicular magnetic film 5 and protective film 6 are formed on a 
lonmagnetic substrate 1. The orientation controlling film 4 consists of an 
illoy containing a first element and a second element which can form a 
;olid solution with the first element. The first element is Ru and/or Re 
vhile the second element has the solid solution limit with the first element 
ind does not form the hep structure as a single crystal. 
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NOTICES * 

PO and NCIPI are not responsible for any 
amages caused by the use of this translation. 

.This document has been translated by computer. So the translation may not reflect the original precisely. 
**** s hows the word which can not be translated. 
.In the drawings, any words are not translated. 



XAIMS 



3laim(s)] 

Ulaim 1] The soft magnetism substrate film which consists of soft magnetic materials at least on a nonmagnetic 
ubstrate, and the orientation control substrate, film, The orientation control film which controls the stacking tendency 
f the film right above, the perpendicular magnetic film in which the easy axis mainly carried out orientation 
erpendicularly to the substrate, and a protective coat are prepared. The orientation control film The magnetic- 
?cording medium characterized by being that to which it consists of an alloy which contains the 2nd element which 
an dissolve to the 1st element and this 1st element, and the 1st element is Ru and/or Re, and the 2nd element has a 
}lid-solution limit community to the 1st element, and that simple substance crystal does not take hep structure, 
"laim 2] The magnetic-recording medium according to claim 1 characterized by the 2nd element being at least one 
)rt chosen from from among V, Nb, Ta, Cr, Mo, W, Mn, nickel, Pd, Pt, and Ir. 

I!laim 3] The soft magnetism substrate film which consists of soft magnetic materials at least on a nonmagnetic 
ibstrate, and the orientation control substrate film, The orientation control film which controls the stacking tendency 
f the film right above, the perpendicular magnetic film in which the easy axis mainly carried out orientation 
erpendicularly to the substrate, and a protective coat are prepared. The orientation control film The magnetic- 
;cording medium characterized by being what consists of an alloy which added at least one sort chosen from from 
nong Si oxide, Zr oxide, Hf oxide, Ti oxide, aluminum oxide, and C and B to Ru and/or Re. 

riaim 4] The orientation control substrate film is a magnetic-recording medium given in any 1 term among claims 1-3 
laracterized by being what uses one sort or two sorts or more of alloys as a principal component among NiAl FeAl 
oFe, CoZr, NiTi, AICo, AlRu, and CoTi. 

:iaim 5] It is a magnetic-recording medium given in any 1 term among claims 1-4 characterized by spacing of the soft 
lagnetism substrate film and a perpendicular magnetic film being 60nm or less. 

:iaim 6] The soft magnetism substrate film which consists of soft magnetic materials at least on a nonmagnetic 
ibstrate, and the orientation control substrate film, The orientation control film which controls the stacking tendency 
f the film right above, and the perpendicular magnetic film in which the easy axis mainly carried out orientation 
erpendicularly to the substrate, It is the manufacture approach of a magnetic-recording medium of preparing a 
rotective coat. The orientation control film The 1st element, The manufacture approach of the magnetic-recording 
tedium characterized by consisting of an alloy which contains the 2nd element which can dissolve to this 1st element, 
id for the 1st element being Ru and/or Re, and for the 2nd element having a solid-solution limit community to the 1st 
ement, and that simple substance crystal not taking hep structure. 

:iaim 7] The soft magnetism substrate film which consists of soft magnetic materials at least on a nonmagnetic 
ibstrate, and the orientation control substrate film, The orientation control film which controls the stacking tendency 
Tthe film right above, and the perpendicular magnetic film in which the easy axis mainly carried out orientation 
erpendicularly to the substrate, It is the manufacture approach of a magnetic-recording medium of preparing a 
otective coat. The orientation control film The manufacture approach of the magnetic-recording medium 
laracterized by consisting of an alloy which added at least one sort chosen from from among Si oxide, Zr oxide, Hf 
cide, Ti oxide, aluminum oxide, and C and B to Ru and/or Re. 

:iaim 8] The magnetic recorder and reproducing device characterized by having the magnetic head which carries out 
cord playback of the information among claims 1-7 at a magnetic-recording medium and this magnetic-recording 
edium given in any 1 term. 
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»ET AILED DESCRIPTION 



Detailed Description of the Invention] 
)001] 

<ield of the Invention] This invention relates to a magnetic-recording medium, its manufacture approach, and the 

lagnetic recorder and reproducing device that used this magnetic-recording medium. 

>002] 

Description of the Prior Art] Conventionally, the magnetic-recording medium within a field the easy axis in a 
tagnetic film mainly carried out [ the medium ] orientation in parallel to the substrate is used widely. In the magnetic- 
wording medium within a field, in order to realize high recording density-ization, it is necessary to make a noise low, 
ut if diameter-ization of a granule of a magnetic particle is attained for noise reduction, since the volume of this 
article will become small, it becomes easy to produce aggravation of the reproducing characteristics resulting from 
^at fluctuation. Moreover, when recording density is raised, a medium noise may increase under the effect of an anti- 
eld in a record bit boundary. On the other hand, the so-called vertical-magnetic-recording medium in which the easy 
ds in a magnetic film mainly carried out orientation perpendicularly to the substrate Since the effect of an anti-field in 
bit boundary is small and a record magnetic domain with a clear boundary is formed, even when high recording 
msity is formed, As an example of the vertical-magnetic-recording medium which attracts big attention from the 
nlity of a heat fluctuation property and noise figure to be raised, what was indicated by JP,60-214417 A and JP 63- 
11117,A can be mentioned. Co alloys, such as a CdCr alloy which can enlarge a magnetic anisotropy, are usually used 
>r the perpendicular magnetic film of a vertical-magnetic-recording medium. Since the crystal stacking tendency of a 
tagnetic film deteriorates and the particle size of a columnar crystal also becomes uneven when a direct Co alloy 
agnetic film is formed on a nonmagnetic substrate, the attempt which raises the crystal stacking tendency (C shaft 
acking tendency) of a magnetic film has been made by preparing the substrate film between a nonmagnetic substrate 
id a perpendicular magnetic film. In order that a crystal may tend to carry out orientation of the hexagonal-closest- 
icking structural materials, such as Ti, to (0001), it is reported by by using this for the substrate film that the stacking 
ndency of Co alloy magnetic film is improvable. The vertical-magnetic-recording medium using the substrate film 
mtaining Ti is indicated by IEEE Transactions on Magnetics MAG. and 19 (1983) 1644. The technique of raising C 
taft stacking tendency of Ti content substrate film and Co alloy magnetic film is proposed by JP,7-101495,B by 
eparing the film which consists of Si, germanium, Sn, etc. in the bottom of Ti content substrate film. Moreover, the 
ljustment of the grid between the substrate film and Co alloy magnetic film is raised by making Ti content substrate 
1m contain other elements, and the technique of raising the crystal stacking tendency of Co alloy magnetic film is 
oposed by the patent No. 2669529 officiaLreport. 
•003] 

'roblem(s) to be Solved by the Invention] In recent years, in order to raise the magnetic properties of a vertical- 
agnetic-recording medium and to realize further high recording density-ization, a playback output is heightened and it 
requested that a noise is decreased. However, the present condition is that a crystal stacking tendency tending to 
jcome inadequate by the above-mentioned conventional magnetic-recording medium, and making a magnetic particle 
:tailed moreover cannot acquire sufficient magnetic properties from a difficult thing. In order to make crystal grain 
bailed especially, when thickness of the substrate film was made thin, under the effect of an initial growth phase, the 
ystal grain of the substrate film might become uneven and the crystal stacking tendency of a perpendicular magnetic 
m might deteriorate. Moreover, the soft magnetism substrate film (the so-called backing layer) which consists of soft 
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lagnetic materials is prepared between a perpendicular magnetic film and a substrate, and the magnetic-recording 
tedium which raised the effectiveness of receipts and payments of the magnetic flux between the magnetic head and a 
lagnetic-recording medium is proposed in recent years. By this magnetic-recording medium, since the closed magnetic 
ircuit where the magnetic flux from the magnetic head goes via the perpendicular magnetic film and soft magnetism 
lbstrate film at the time of record playback is formed, record playback of the increase of the effectiveness of receipts 
id payments of magnetic flux and high density is attained, since [ however, ] the conventional magnetic-recording 
ledium of the crystal stacking tendency of a perpendicular magnetic film is inadequate and a magnetic anisotropy is 
iferior ~ the above-mentioned closed magnetic circuit - unstable - becoming - easy - record reproducing 
laracteristics, a heat fluctuation property, and record ~ there was a problem which is easy to become inadequate 
resolution etc. ]. This invention aims at offering the magnetic-recording medium which was made in view of the 
Dove-mentioned situation, and can raise the crystal stacking tendency of a magnetic film, and can make a magnetic 
article detailed, its manufacture approach, and a magnetic recorder and reproducing device 
)004] 

vleans for Solving the Problem] The soft magnetism substrate film with which the magnetic-recording medium of this 
ivention consists of soft magnetic materials at least on a nonmagnetic substrate, The orientation control substrate film, 
le orientation control film which controls the stacking tendency of the film right above, and the perpendicular 
lagnetic film in which the easy axis mainly carried out orientation perpendicularly to the substrate, A protective coat is 
repared and the orientation control film consists of an alloy which contains the 2nd element which can dissolve to the 
5t element and this 1st element. The 1st element is Ru and/or Re and it is characterized by the 2nd element being that 
. which it has a solid-solution limit community to the 1st element, and the simple substance crystal does not take hep 
ructure. As the 2nd element, at least one sort chosen from from among V, Nb, Ta, Cr, Mo, W, Mn, nickel, Pd, Pt, and 
can be mentioned. The alloy which added at least one sort chosen from from among Si oxide, Zr oxide, Hf oxide, Ti 
tide, aluminum oxide, and C and B to Ru and/or Re as an ingredient of the orientation control film can also be 
entioned. As for the orientation control substrate film, it is desirable that it is what uses one sort or two sorts or more 
"alloys as a principal component among NiAl, FeAl, CoFe, CoZr, NiTi, AICo, AlRu, and CoTi. As for spacing of the 
>ft magnetism substrate film and a perpendicular magnetic film, it is desirable to be referred to as 60nm or less. 
•005] The soft magnetism substrate film with which the manufacture approach of the magnetic-recording medium of 
is invention consists of soft magnetic materials at least on a nonmagnetic substrate, The orientation control substrate 
Im, the orientation control film which controls the stacking tendency of the film right above, and the perpendicular 
agnetic film in which the easy axis main!y carried out orientation perpendicularly to the substrate, It is the 
anufacture approach of a magnetic-recording medium of preparing a protective coat. The orientation control film The 
;t element, It consists of an alloy which contains the 2nd element which can dissolve to this 1st element, and the 1st 
ement is Ru or Re, and the 2nd element has a solid-solution limit community to the 1st element, and is characterized 
/ that simple substance crystal not taking hep structure. The manufacture approach of the magnetic-recording medium 
"this invention shall consist of an alloy which added at least one sort chosen from from in the orientation control film 
nong Si oxide, Zr oxide, Hf oxide, Ti oxide, aluminum oxide, and C and B to Ru and/or Re. 
'006] The magnetic recorder and reproducing device of this invention is characterized by equipping the above- 
entioned magnetic-recording medium and this magnetic-recording medium with the magnetic head which carries out 
cord playback of the information. 
007] 

embodiment of the Invention] Drawing 1 is the cross-section block diagram showing typically the configuration of the 
agnetic-recording medium which is the gestalt of 1 operation of this invention. As shown in drawing 1 , the soft 
agnetism substrate film 2, the orientation control substrate film 3, the orientation control film 4, the perpendicular 
agnetic film 5, a protective coat 6, and lubricating film 7 are formed on the nonmagnetic substrate 1, and the 
agnetic-recording medium of this operation gestalt is constituted. The aluminium alloy substrate which has the NiP 
ating film generally used as a substrate for magnetic-recording media as a substrate 1, glass substrates (crystallization 
ass, tempered glass, etc.), a ceramic substrate, a carbon substrate, a silicon substrate, and a silicon carbide substrate 
n be mentioned. Moreover, the substrate which formed the NiP film by plating, a spatter, etc. can be mentioned to 
ese substrates. It is suitable for average-of-roughness-height Ra of the front face of a substrate 1 to be referred to as 
01-2nm (preferably 0.05-1.5nm). Adsorption of the magnetic head to a medium and the magnetic-head vibration at 
e time of record playback become it easy to take place that surface average-of-roughness-height Ra is under this 
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ange. Moreover, a glide property will tend to become inadequate if surface average-of-roughness-height Ra crosses 
lis range. 

0008] Since magnetization of the perpendicular magnetic film 5 is more firmly fixed in the direction perpendicular to a 
ubstrate 1 , the soft magnetism substrate film 2 is formed, as the soft magnetic materials which constitute the soft 
lagnetism substrate film 2 -- Fe - more than 60at% - Fe alloy to contain can be used. As this ingredient, FeCo system 
Hoys (FeCo, FeCoV, etc.), FeNi system alloys (FeNi, FeNiMo, FeNiCr, FeNiSi, etc.), FeAl system alloys (FeAl, 
eAISi, FeAlSiCr, FeAlSiTiRu, etc.), FeCr system alloys (FeCr, FeCrTi, FeCrCu, etc.), FeTa system alloys (FeTa, 
aTaC, etc.), a FeC system alloy, a FeN system alloy, a FeSi system alloy, a FeP system alloy, a FeNb system alloy, 
nd a FeHf system alloy can be mentioned. The soft magnetism substrate film 2 can be made into the structure of 
aving fine crystals, such as FeAlO, FeMgO, FeTaN, and FeZrN. Moreover, this fine crystal can also consider as the 
onfiguration which has the granular structure distributed in the matrix, the soft magnetism substrate film 2 - Co 
esides the above - more than 80at% ~ Co alloy which contains and contains at least one or more sorts in Zr, Nb, Ta, 
:r, Mo, etc. can be used. For example, CoZr, CoZrNb, CoZrTa, CoZrCr, CoZrMo, etc. can be mentioned as a suitable 
ling. Moreover, the soft magnetism substrate film 2 shall consist of an alloy which makes amorphous structure. 
3009] As Tor the soft magnetism substrate film 2, it is desirable that the saturation magnetic flux density is more than 
.8T. When saturation magnetic flux density is smaller than 0.8T, there is a possibility that turbulence and a noise may 
icrease [ a playback wave ]. Moreover, practical, although it is desirable to make it as small as possible as for the 
oercive force of the soft magnetism substrate film 2, if it is made smaller than 200 (Oe) and (15.8x103 A/m), 
ifficient magnetic properties can be acquired. 

)010] The thickness of the soft magnetism substrate film 2 is suitably set up by the saturation magnetic flux density of 
le ingredient which constitutes the soft magnetism substrate film 2. Specifically, it is desirable for Bs-t (T-nm) which 
; the product of the saturation magnetic flux density Bs of the ingredient which constitutes the soft magnetism 
ibstrate film (T), and thickness [ of the soft magnetism substrate film 2 ] t (nm) to be 40 or more (preferably 60 or 
lore T-nm) T-nm. 

)01 1] As for the front face (field by the side of the orientation control substrate film 3) of the soft magnetism substrate 
lm 2, it is desirable that the ingredient which constitutes the soft magnetism substrate film 2 oxidizes partially or 
Dmpletely, and is constituted. As for the thickness of this oxidation part (oxidizing zone), it is desirable to be referred 
> as 0.1 nm or more less than 3nm. The condition that the soft magnetism substrate film 2 oxidized can be checked by 
Aiger electron spectroscopy, the SIMS method, etc. Moreover, it can ask for the thickness of the oxidation part 
>xidizing zone) of soft magnetism substrate film 2 front face with the transmission electron microscope (TEM) 
hotograph of for example, a medium cross section. 

)012] The orientation control substrate film 3 is prepared in order to make crystal grain detailed, and can mention 
hat uses one sort or two sorts or more of alloys as a principal component among NiAl, FeAl, CoFe, CoZr, NiTi, 
ICo, AlRu, and CoTi as an ingredient of the orientation control substrate film 3 while it raises the stacking tendency 
Fthe orientation control film 4. In addition, a principal component means that the component concerned is included 
cceeding 50at(s)%. Moreover, the ingredient which added Cr, Nb, V, W, Mo, B, O, N, Ru, Nd, etc. can also be used 
>r these alloys. When using the above-mentioned 2 yuan system alloy (NiAl, FeAl, CoFe, CoZr, NiTi, AICo, AlRu, 
oTi), it is desirable to make into 40 - 60at% (preferably 45 - 55at%) each content of two components which constitute 
■is alloy. As an ingredient of the orientation control substrate film 3, what takes B-2 structure is suitable. As for the 
ickness of the orientation control substrate film 3, it is desirable to be referred to as 0.1-20nm. Moreover, when that 
hose melting point is 1200 degrees C or more is used for the orientation control substrate film 3, since the diameter of 
ystal grain can be made small, it is desirable. 

K)13] The orientation control film 4 is film prepared in order to control the stacking tendency and the diameter of 
ystal grain of the perpendicular magnetic film 5 which are located right above. The orientation control film 4 shall 
=rve as Ru and/or Re (it may be hereafter called the 1st element) from the alloy which contains the 2nd element which 
in dissolve to this 1st element. 

»014] Although the 2nd element can dissolve to the 1st element, it is an element which has a solid-solution limit 
>mmunity (it dissolves only in the limited presentation range). Moreover, the 2nd element is an element with which 
e simple substance crystal does not take hep structure in ordinary temperature. As this 2nd element, at least one sort 
tosen from from among V, Nb, Ta, Cr, Mo, W, Mn, nickel, Pd, Pt, and Ir can be mentioned. The a-axis die length of a 
mple substance crystal is shown in Table 1 whenever [ to the crystal structure of the simple substance in the ordinary 
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jmperature of these elements, and Ru and Re / maximum dissolution ]. The simple substance crystal structure of Ru 

nd Re is collectively shown in Table 1 . 
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)016] As shown in Table 1, whenever [ as opposed to Ru and Re in element shown here dissolution ] has threshold 
alue (whenever [ maximum dissolution ]). In addition, although whenever [ maximum dissolution / of Mn to Re ] is 
□known, it is checked that Mn is an element which has a solid-solution limit community to Re. Moreover, Table 1 
lows that the crystal structure of the simple substance of the element shown here does not take hep structure. 
)017] As an example of the alloy used for the orientation control film 4, Ru-V, Ru-Nb, Ru-Ta, Ru-Cr, Ru-Mo, Ru-W, 
u-Mn, Ru-nickel, Ru-Pd, Ru-Pt, Ru-Ir, Re-V, Re-Nb, Re-Ta, Re-Cr, Re-Mo, Re-W, Re-Mn, Re-nickel, Re-Pd, Re-Pt, 
id Re-Ir can be mentioned. 

)018] It is suitable for the content of the 2nd element in the alloy which constitutes the orientation control film 4 to 
msider as 1 - 50at% (preferably 1 - 40at%). When this content is under the above-mentioned range, it is not desirable, 
i order that the diameter of crystal grain of the orientation control film 4 may become large and may cause big and 
mgh-ization of the magnetic particle in the perpendicular magnetic film 5. Moreover, when the 2nd element content 
osses the above-mentioned range, the stacking tendency of the orientation control film 4 gets worse, and the stacking 
ndency of the perpendicular magnetic film 5 becomes easy to deteriorate. Moreover, the alloy which contains other 
ements in the range which does not worsen the crystal structure of not only the 1st and 2nd elements but the 
-ientation control film 4 can also be used for the orientation control film 4. 

»019] The alloy which added at least one sort chosen from from among Si oxide, Zr oxide, Hf oxide, Ti oxide, 
uminum oxide, and C and B in the 1st element (Ru and/or Re) can also be used for the orientation control film 4. As 
i example of this alloy, Ru-Si02, Ru-Zr02, Ru-Hf02, Ru-Ti02, Ru-aluminum 203, Ru-C, Ru-B, Re-Si02, Re-Zr02, 
e-Hf02, Re-Ti02, Re-aluminum 203, Re-C, and Re-B can be mentioned. It is suitable for the content of the above- 
entioned ingredient (Si oxide, Zr oxide, Hf oxide, Ti oxide, aluminum oxide, one or more sorts among C and B) to 
msider as 1 - 50at% (preferably 1 - 40at%) in the alloy which constitutes the orientation control film 4. When this 
mtent is under the above-mentioned range, it is not desirable, in order that the diameter of crystal grain of the 
ientation control film 4 may become large and may cause big and rough-ization of the magnetic particle in the 
;rpendicular magnetic film 5. Moreover, when this content crosses the above-mentioned range, the stacking tendency 
*the orientation control film 4 gets worse, and the stacking tendency of the perpendicular magnetic film 5 becomes 
isy to deteriorate. 

020] It is suitable for the thickness of the orientation control film 4 to be referred to as l-50nm (preferably l-30nm). 
le effectiveness which raises the crystal stacking tendency of the perpendicular magnetic film 5 as this thickness is 
ider the above-mentioned range tends to become inadequate. Moreover, if this thickness crosses the above-mentioned 
nge, the particle size of crystal grain will become large within the orientation control film 4, and it will become easy 
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> make the magnetic particle in the perpendicular magnetic film 5 big and rough. Moreover, since the distance of the 
lagnetic head and the soft magnetism substrate film 2 at the time of record playback becomes large, the resolution of a 
^generative signal falls and noise figure deteriorates, it is not desirable. As for the orientation control film 4, it is 
esirable that a front face (drawing Nakagami side) is what makes hep structure at least. 

)021] The perpendicular magnetic film 5 is a magnetic film in which the easy axis mainly carried out orientation 
erpendicularly to the substrate, and it is desirable to use Co alloy for this perpendicular magnetic film 5. For example, 
CoCrPt alloy and a CoPt alloy can be used. Moreover, the alloy which added at least one sort of elements chosen as * 
lese alloys from Ta, Zr, Nb, Cu, Re, Ru, V, nickel, Mn, germanium, Si, B, O, N, etc. can be used. 
)022] Although the perpendicular magnetic film 5 can also be made into the uniform monolayer structure which 
Dnsists of the above-mentioned Co alloy, it can also be made into the multilayer structure which carried out the 
iminating of the layer which consists of transition metals (Co, Co alloy), and the layer which consists of noble metals 
X Pd, etc.). The above-mentioned CoCrPt system alloy, a CoPt system alloy, etc. can be used for this Co alloy. In 
sing a CoCrPt system alloy, in order to raise a perpendicular magnetic anisotropy, it is desirable to make Pt content 
ito 8 - 24at%. As for the thickness of the layer which consists of noble metals, it is desirable to consider as the range 
f 0.4-1 :4nm: This is for noise figure to get worse, when a setup of the thickness becomes difficult and becomes larger 
lan 1.4nm, while coercive force He and a reverse magnetic-domain nucleation field will fall, if the thickness of a 
oble-metals layer becomes smaller than 0.4nm. It is suitable for the thickness of the layer which consists of transition 
letals to be referred to as 0.1-0.6nm (preferably 0.1-0.4nm). If this transition-metals layer is too thin, while coercive 
>rce He and a reverse magnetic-domain nucleation field will fall, a setup of thickness becomes difficult, and if too 
tick, noise figure will get worse. In the perpendicular magnetic film 5, although any are not cared about as the 
taximum upper layer among these transition-metals layer and a noble-metals layer, as for the lowest layer, considering 
; a noble-metals layer is desirable. 

)023] Although each component of the magnetic film of the above-mentioned monolayer structured type and a 
minating structured type takes polycrystal structure, it can also use the ingredient which takes amorphous structure by 
le magnetic-recording medium of this invention. Specifically, the alloys (TbFeCo system alloy etc.) containing rare 
irth elements can be used. 

)024] Although what is necessary is just to optimize suitably with the playback output made into the purpose, since 
ie problem of that noise figure gets worse, -resolution falling tends to arise when the perpendicular magnetic film 5 is 
>o thick, as for the thickness of the perpendicular magnetic film 5, it is desirable that it is 3-100nm practically. As for 
ie perpendicular magnetic film 5, it is desirable that it is what makes hep structure. 

>025] As for the spacing A of the perpendicular magnetic film 5 and the soft magnetism substrate film 2, i.e., spacing 
lown in drawingJL , it is desirable to be referred to as 60nm or less (preferably 40nm or less, still more preferably 
)nm or less), the closed magnetic circuit formed by making this spacing A into the above-mentioned range between 
e magnetic head, the perpendicular magnetic film 5, and the soft magnetism substrate film 2 at the time of record 
ayback - stabilizing - the effectiveness of receipts and payments of magnetic flux - raising - record reproducing 
laracteristics, a heat fluctuation property, and record — resolution etc. can be raised now. If spacing A crosses the 
>ove-mentioned range, the magnetic flux from the magnetic head will stop being able to reach the soft magnetism 
ibstrate film 2 easily at the time of record playback, and each above-mentioned property will deteriorate. 
•026] It is for preventing damage on the front face of a medium, when the magnetic head contacts a medium, and 
icuring the lubricating properties between the magnetic head and a medium, while preventing the corrosion of the 
tfpendicular magnetic film 5, a protective coat 6 can use a well-known ingredient conventionally, for example, what 
akes a principal component the single presentation of C, Si02, and Zr02 or these, and contains other elements is 
;able. As for the thickness of a protective coat 6, it is desirable to consider as the range of l-10nm. 
•027] Well-known lubricant, such as a perfluoro polyether, fluorination alcohol, and a fluorination carboxylic acid, 
in be used for lubricating film 7. The class and thickness can be suitably set up according to the property of the 
otective coat used or lubricant. 

028] In order to manufacture the magnetic-recording medium of the above-mentioned configuration, on the substrate 
shown in drawings! , the soft magnetism substrate film 2 is formed by a spatter etc., oxidation treatment is performed 
the front face of this soft magnetism film 2 if needed, and, subsequently the orientation control substrate film 3, the 
ientation control film 4, and the perpendicular magnetic film 5 are formed by a spatter etc. one by one. Subsequently, 
ter forming a protective coat 6 by the spatter, the CVD method, the ion beam method, etc., lubricating film 7 is 
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. Drmed with a DIP coating method, a spin coat method, etc. 

3029] When performing oxidation treatment to the front face of the soft magnetism substrate film 2, after forming the 
oft magnetism substrate film 2, the approach of putting the soft magnetism substrate film 2 to oxygen content gas and 
le approach of introducing oxygen into the process gas at the time of forming the part near the front face of the soft 
lagnetism substrate film 2 can be taken. What is necessary is just to contact the soft magnetism substrate film 2 into 
ilution gas and pure oxygen which diluted oxygen with an argon or nitrogen about 0.1 to 30 seconds, in putting the 
:ont face of the soft magnetism substrate film 2 to oxygen content gas. Moreover, the approach of putting the soft 
lagnetism substrate film 2 to atmospheric air can also be taken. Specifically, a desirable oxidation state can be 
cquired by putting soft magnetism substrate film 2 front face to the ambient atmosphere of the oxygen gas pressure of 
0 - 3 or more Pa for 0. 1 - 30 seconds to the degree of vacuum of 10-4 to ten to 6 Pa. In case the soft magnetism 
ubstrate film 2 is put to oxygen content gas, the degree of oxidation can be adjusted by setting up suitably the amount 
f the oxygen to be used, and the exposure period to oxygen. In using the gas which diluted especially oxygen with rare 
as, such as an argon, adjustment of the degree of oxidation of soft magnetism substrate film 2 front face becomes easy 
y setup of the dilution ratio of gas. When introducing oxygen into the process gas for membrane formation of the soft 
lagnetism substrate film 2, the approach of performing a spatter using the process gas which made a part of membrane 
)rmation time amount containing oxygen (for example, for [ before membrane formation termination ] 1 second) can 
e taken using a spatter as for example, a forming-membranes method. As this process gas, the gas which mixed 
xygen about 0.05 to 10% at the rate of the volume is suitably used for an argon, for example. By scaling of this soft 
lagnetism substrate film 2, the magnetic fluctuation of the maximum front face of the soft magnetism substrate film 2 
an be suppressed, crystal grain of the orientation control substrate film 3 formed on the soft magnetism substrate film 
and the orientation control film 4 can be made detailed, and the improvement effect of noise figure can be acquired, 
loreover, by the barrier layer-function of the oxidization part of soft magnetism substrate film 2 front face, it can 
oppress that a staining substance moves to a medium front face from the soft magnetism substrate film 2 or the 
onmagnetic substrate 1, and corrosion generating on the front face of a medium can be prevented. 
)030] When using the alloy which contains the 1st element (Ru and/or Re) and the 2nd element (V, Nb, Ta, Cr, Mo, 
/, Mn, nickel, Pd, Pt, Ir, etc.) in the orientation control film 4, the orientation control film 4 can be formed by the 
matter using the target which consists of this alloy. 

)031] When using the 1st element alloy which contains in the orientation control film 4 the above-mentioned oxide (at 
;ast one sort chosen from from among Si oxide, Zr oxide, Hf oxide, Ti oxide, and aluminum oxide), the orientation 
Dntrol film 4 can be formed using the target which consists of an ingredient containing this oxide and 1st element, 
loreover, the orientation control film 4 may be formed using the process gas containing oxygen using the target which 
insists of an ingredient which contains at least one sort and the 1st element among Si, Zr, Hf, Ti, and aluminum. 
)032] In making the perpendicular magnetic film 5 into the multilayer structure which consists of a transition-metals 
yer and a noble-metals layer, the 1st target which consists of transition metals (Co, Co alloy), and the 2nd target 
hich consists of noble metals (Pt, Pd, etc.) are used by turns, and it forms the perpendicular magnetic film 5 by 
irrying out the spatter of the ingredient of each target by turns. 

)033] The spatter using the carbon target as the formation approach of a protective coat 6, and a CVD method and the 
»n beam method can be mentioned. Moreover, the approach of forming the protective coat 6 which consists of Si02 or 
r02 by the reactant spatter using the gas which contains oxygen as process gas is applicable using the target of RF 
>atter using the target of Si02 or Zr02 or Si, or Zr. When using a CVD method and the ion beam method, the 
rotective coat 6 with a very high degree of hardness can be formed, since it becomes possible to make the thickness 
nail sharply compared with the protective coat formed of the spatter, the spacing loss at the time of record playback 
in be made small, and record playback of high density can be performed. 

>034] The orientation control film 4 consists of an alloy which contains the 2nd element which can dissolve to the 1st 
ement and this 1st element by the magnetic-recording medium of this operation gestalt. By the configuration whose 
>t element is Ru and/or Re and whose 2nd element is that to which it has a solid-solution limit community to the 1st 
ement, and the simple substance crystal does not take hep structure, the crystal stacking tendency of the orientation 
mtrol film 4 can be raised, and the crystal stacking tendency of the perpendicular magnetic film 5 can be raised, 
[oreover, crystal grain can be diameter[ of a granule ]-ized in the orientation control film 4, and a magnetic particle 
in be made detailed in the perpendicular magnetic film 5. Therefore, noise reduction is attained, while heightening 
>ercive force and raising a playback output. 
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3035] The orientation control film 4 can be considered that the reason outstanding magnetic properties are acquired is 
s being shown below by consisting of an alloy containing the 1st and 2nd elements of the above. Although the 2nd 
lement can dissolve to the 1st element, it is an element which has a solid-solution limit community. Furthermore the 
nd element is an element with which a simple substance crystal does not take hep structure to the 1st element being an 
lement with which a simple substance crystal takes hep structure. Thus, it is thought that the grain boundary layer in 
/hich the 2nd element deposited becomes is easy to be formed in case crystal grain grows within the orientation 
ontrol film 4, since it has a different property from the 1st element in respect of dissolution nature and the crystal 
tructure as for the 2nd element. For this reason, many crystal grain with it is formed in the orientation control film 4 
a small and particle size and ] [ uniform ] Formation of the grain boundary layer in the perpendicular magnetic film 5 
mich grows under the effect of the orientation control film 4 is urged to the grain boundary layer containing this 2nd 
lement, and a detailed and uniform magnetic particle is formed in the perpendicular magnetic film 5. Therefore, noise 
jduction is attained, while heightening coercive force and raising a playback output. 

)036] Moreover, in the orientation control film 4, in case crystal grain grows, it is thought that the orientation side of 
us crystal grain is influenced [ which adjoins this crystal grain and grows ] of a grain boundary layer. Since this grain 
oundary layer contains many~2rid element, the crystal face of crystal grain tends to become fixed according to the 
lass and content of this 2nd element. For this reason, the orientation side of the crystal grain of the orientation control 
lm 4 serves as homogeneity. Therefore, a crystal stacking tendency can be raised in the perpendicular magnetic film 5 
'hich grows under the effect of the orientation control film 4. Therefore, magnetic properties, such as coercive force 
nd a playback output, can be raised further. 

)037] on the other hand, when the alloy containing the element (for example, Co) which does not have a solid-solution 
mit community to the 1st element (that is, it dissolves covering a total presentation), and takes hep structure is used 
>r the orientation control film 4 Since these elements (Co etc.) have a property just like the 1st element and it dissolves 
'ithout resistance to the 1st element, a grain boundary layer is hard to be formed and the diameter of crystal grain tends 
> become large. For this reason, in the perpendicular magnetic film 5, a magnetic particle becomes easy to become big 
id rough and uneven. * 
)038] Moreover, the crystal stacking tendency of the orientation control film 4 and the perpendicular magnetic film 5 
in be raised by using for the orientation control film 4 the alloy which added at least one sort chosen from from 
nong Si oxide,,Zr oxide, Hf oxide, Ti oxide, aluminum oxide, and C and B to Ru and/or Re. Moreover, crystal grain 
in be diameterf of a granule ]-ized in the orientation control film 4, and a magnetic particle can be made detailed in 
le perpendicular magnetic film 5. Therefore, noise reduction is attained, while heightening coercive force and raising a 
layback output. 

)039] It is possible by using the above-mentioned alloy for the orientation control film 4 that the reason outstanding 
lagnetic properties are acquired is as being shown below. Since the above-mentioned oxide, and C and B are matter 
hich does not dissolve to the 1st element (Ru and/or Re) and they tend to deposit in a grain boundary layer compared 
ith crystal grain in case crystal grain grows within the orientation control film 4, in the orientation control film 4, a 
rain boundary layer becomes is easy to be formed. Moreover, this grain boundary layer becomes easy to become what 
is large width of face. For this reason, many crystal grain with it is formed in the orientation control film 4. [ a small 
id particle size and ] [ uniform ] Moreover, crystal grain will be in the condition of having estranged greatly mutually, 
herefore, noise reduction is attained, while heightening coercive force and raising a playback output. 
>040] Moreover, in the orientation control film 4, the crystal face of crystal grain tends to become fixed according to 
e above-mentioned ingredient (above-mentioned oxide, C, B) class and content which are contained in a grain 
sundary layer.-For this reason, the orientation side of the crystal grain of the orientation control film 4 serves as 
jmogeneity. Therefore, a crystal stacking tendency can be raised in the perpendicular magnetic film 5 which grows 
ider the effect of the orientation control film 4. Therefore, magnetic properties, such as coercive force and a playback 
ltput, can be raised further. 

'041] Moreover, since the crystal stacking tendency of the perpendicular magnetic film 5 can be raised, the magnetic 
nsotropy of the perpendicular magnetic film 5 can be raised. For this reason, the closed magnetic circuit formed 
;tween the magnetic head, the perpendicular magnetic film 5, and the soft magnetism substrate film 2 at the time of 
cord playback can form the closed magnetic circuit protected and stabilized [ destabilizing in the perpendicular 
agnetic film 5, and ]. for this reason, the effectiveness of receipts and payments of magnetic flux ~ raising ~ record 
producing characteristics, a heat fluctuation property, and record - resolution etc. can be raised. 



tp://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/1 2/2005 



P,2002-334424,A [DETAILED DESCRIPTION] 



Page 8 of 12 



D042J Moreover, by this magnetic-recording medium, since the alloy which made Ru and/or Re contain the above- 
lentioned ingredient (the 2nd element, the above-mentioned oxide, C, B) is used, compared with the case where 
xpensive Ru and/or Re are used independently, ingredient cost is reducible. Therefore, reduction of a manufacturing 
ost is attained. 

)043] With this operation gestalt, the orientation control substrate film 3 which consists of NiAl etc. was formed 
etween the soft magnetism substrate film 2 and the orientation control film 4. Although Ru alloy which is the 
Dmponent of the orientation control film 4, and Re alloy have the property in which the diameter of crystal grain tends 
> become large, with this operation gestalt, by forming the orientation control substrate film 3 which functions as 
rain-refining film, the crystal of the orientation control film 4 can be made detailed, and the diameter of crystal grain 
f the perpendicular magnetic film 5 formed on it can be made small. For this reason, the further noise reduction is 
ttained. It is thought by forming the orientation control substrate film 3 that detailed-ization of the crystal of the 
dentation control film 4 is attained because the diameter of crystal grain of the orientation control substrate film 3 
"■JiAl etc.) becomes small. 

)044] moreover, Co system soft magnetic materials (a CoZr system, a CoZrNb system, and a CoZrTa system --) Fe 
astern soft magnetic materials (a FeCo system --), such as a CoZrCr system and a CoZrMo system alloy a FeNi 
/stem, a FeAl system, a FeCr system alloy, etc. ~ etc. - from, in forming directly the orientation control film 4 which 
insists of an Ru alloy or an Re alloy on the becoming soft magnetism substrate film 2 At the time of initial growth of 
le orientation control film 4, nucleation stops being able to happen easily and the diameter of crystal grain tends to 
scome uneven from the crystalline difference between these soft magnetism substrate film 2 and the orientation 
jntrol film 4 in the orientation control film 4. On the other hand, with this operation gestalt, since the orientation 
mtrol substrate film 3 which consists of NiAl etc. resembles the orientation control film 4 closely in respect of 
■ystallinity, the nucleation nature at the time of initial growth of the orientation control film 4 becomes good, and 
liform crystal grain becomes is easy to be formed. Therefore, with this operation gestalt, by forming the orientation 
>ntrol substrate film 3, in the orientation control film 4, crystal grain with it is formed, and much more noise reduction 
attained. [ a small and particle size and ] [ uniform ] 

1045] By the manufacture approach of this operation gestalt, since the alloy which contains the 1st and 2nd elements 
f the above in the orientation control film 4 is used, the crystal stacking tendency of the orientation control film 4 and 
e perpendicular magnetic film 5 can be raised. Moreover, crystal grain can be diameterf of a granule ]-ized in the 
ientation control film 4, and a magnetic particle can be made detailed in the perpendicular magnetic film 5. 
herefore, noise reduction is attained, while heightening coercive force and raising a playback output. 
•046] Moreover, by using the above-mentioned oxide and the 1st element alloy containing C and B for the orientation 
mtrol film 4, the crystal stacking tendency of the orientation control film 4 and the perpendicular magnetic film 5 can 
; raised, and the outstanding magnetic anisotropy can be acquired. Moreover, crystal grain can be diameterf of a 
anule ]-ized in the orientation control film 4, and a magnetic particle can be made detailed in the perpendicular 
agnetic film 5. Therefore, noise reduction is attained, while heightening coercive force and raising a playback output. 
■047] As shown in drawing 2 , by the magnetic-recording medium of this invention, the nonmagnetic interlayer 8 
hich consists of a non-magnetic material can be formed between the orientation control film 4 and the perpendicular 
agnetic film 5. Co alloy can be used for the nonmagnetic interlayer 8. CoCr can be used as this Co alloy. Moreover, 
e alloy which added to CoCr one sort or two sorts or more of elements chosen from Ta, Zr, Nb, Cu, Re, Ru, nickel, 
xi, germanium, Si, O, N, and B can be used. Moreover, nonmagnetic Co alloy containing one sort or two sorts or 
ore of elements chosen from Ta, Zr, Nb, Cu, Re, Ru, nickel, Mn, germanium, Si, O, N, and B and Co can also be 
:ed. Since resolution will fall and noise figure will get worse when the distance of the perpendicular magnetic film 5 
id the soft magnetism substrate film 2 becomes large if too thick, as for the nonmagnetic interlayer 8, it is desirable to 
t thickness to 20nm or less, and it is more desirable to be referred to as lOnm or less. By forming the nonmagnetic 
terlayer 8, the stacking tendency of the perpendicular magnetic film 5 can be raised, and coercive force can be 
dghtened. 

048] As shown in drawing 3 , by the magnetic-recording medium of this invention, the hard magnetism film 9 which 
nsists of a hard magnetic material which has a magnetic anisotropy within a field can also be formed between the soft 
agnetism substrate film 2 and a substrate 1. A CoCr alloy can be used as an ingredient used for the hard magnetism 
m 9. Moreover, the magnetic materials (CoSm alloy etc.) which consist of an alloy of transition metals and rare earth 
sments can also be used. As for the hard magnetism film 9, it is desirable that coercive force He is more than 500 

p://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/1 2/2005 



P.2002-334424.A [DETAILED DESCRIPTION] 



Page 9 of 12 



Oe) (preferably more than 1000 (Oe)). thickness of the hard magnetism film 9 is set to 20-150nm (preferably 40- 
Onm) ~ it is desirable. In order to make it the soft magnetism substrate film 2 not form a substrate radial magnetic 
omain wall, as. for the hard magnetism film 9, it is desirable that it is magnetized in the direction of a radial from a 
ubstrate core, and switched connection is formed between the soft magnetism substrate film 2. It is desirable to 
repare the substrate film (illustration abbreviation) which consists of Cr or a Cr alloy directly under the hard 
lagnetism film 9. 

)049] By forming the hard magnetism film 9, generating of the spike noise by the huge magnetic domain which the 
3ft magnetism substrate film 2 forms can be prevented, it excels in an error rate property, and the magnetic-recording 
ledium in which high density record is possible can be obtained. This is based on the following reasons. Since [ that 
oercive force is small ] the soft magnetism substrate film 2 has the changeable direction of magnetization, it forms a 
uge magnetic domain in the field inboard of a substrate 1. The magnetic domain wall which is the boundary of the 
mgnetic domain in this soft magnetism substrate film 2 may cause spike noise generating, and may become the factor 
'hich reduces the error rate of a magnetic-recording medium. Switched connection of the hard magnetism film 9 and 
le soft magnetism substrate film 2 is carried out, the magnetization direction of the soft magnetism substrate film 2 is 
ompulsdrily turned to substrate 1 radial one, and it can avoid forming the above-mentioned huge magnetic domain by 
>rming the hard magnetism film 9 between the soft magnetism substrate film 2 and a substrate 1. For this reason, spike 
oise generating can be prevented. 

)050] Drawing 4 is the cross-section block diagram showing an example of the magnetic recorder and reproducing 
evice concerning this invention. The magnetic recorder and reproducing device shown in this drawing is equipped 
'ith the medium mechanical component 1 1 which carries out the rotation drive of the magnetic-recording medium 10 
ad this magnetic-recording medium 10 of the above-mentioned configuration, the magnetic head 12 which performs 
iformational record playback to the magnetic-recording medium 10, the head mechanical component 13 which makes 
le magnetic head 12 drive, and the record regenerative-signal processor 14. The record regenerative-signal system 14 
rocesses the inputted data, a record signal can be sent to the magnetic head 12, or can process the regenerative signal 
om the magnetic head 12, and can output data now. 

)051] A single magnetic pole head can be used as the magnetic head 12. Drawing 5 shows an example of a single 
lagnetic pole head, and the outline configuration of the single magnetic pole head 12 is carried out from the magnetic 
Die 15 and the coil 16. The.main pole 17 can generate the field impressed to the perpendicular magnetic film 5 at the 
me of record by being formed in the shape of [ which has the main pole 17 with narrow width of face, and the broad 
ixiliary magnetic pole 18 ] a side view abbreviation KO character, and a magnetic pole 15 can detect now the 
lagnetic flux from the perpendicular magnetic film 5 at the time of playback. 

)052] In case record to the magnetic-recording medium 10 is performed using the single magnetic pole head 12, the 
lagnetic flux emitted from the tip of the main pole 17 makes the perpendicular magnetic film 5 magnetize in the 
srpendicular direction to a substrate 1. Under the present circumstances, since the soft magnetism substrate film 2 is 
•rmed in the magnetic-recording medium 10, the magnetic flux from the main pole 17 forms the closed magnetic 
rcuit which results in the auxiliary magnetic pole 18 through the perpendicular magnetic film 5 and the soft 
tagnetism substrate film 2. By forming this closed magnetic circuit between the single magnetic pole head 12 and the 
.agnetic-recording medium 10, record playback of the increase of the effectiveness of receipts and payments of 
agnetic flux and high density is attained. In addition, although the magnetic flux between the main pole 17 and the 
>ft magnetism film 2 becomes the reverse sense in the magnetic flux between the soft magnetism film 2 and the 
ixiliary magnetic pole 18, since it is large enough compared with the main pole 17, the area of the auxiliary magnetic 
)le 18 becomes small [ the flux density from the auxiliary magnetic pole 18 ] enough, and magnetization of the 
;rpendicular magnetic film 5 is not influenced by the magnetic flux from this auxiliary magnetic pole 18. Moreover, 
this invention, the compound-die thin film magnetic-recording head which equipped with the huge magnetic- 
luctance (GMR) component, the things, for example, the playback section, other than a single magnetic pole head, 
in also be used as the magnetic head. 

'053] Since the alloy (or the above-mentioned oxide, the 1st element alloy containing C and B) which contains the 1st 
id 2nd elements of the above in the orientation control film 4 of the magnetic-recording medium 10 is used for the 
agnetic-recording medium of this invention, it can raise the crystal stacking tendency of the orientation control film 4 
id the perpendicular magnetic film 5. Moreover, crystal grain can be diameter[ of a granule ]-ized in the orientation 
•ntrol film 4, and a magnetic particle can be made detailed in the perpendicular magnetic film 5. Therefore, noise 
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sduction is attained, while heightening coercive force and raising a playback output. Therefore, high recording 

ensity-ization can be attained. 

3054] 

Example] Hereafter, an example is shown and the operation effectiveness of this invention is clarified, 
he glass substrate [ finishing / washing ] 1 (made in Ohara, outer diameter of 2.5 inches) is held in the membrane 
Dimation chamber of DC magnetron sputtering equipment (product C-3010 made from Anelva). (Examples 1-36) 
kfter exhausting the inside of a membrane formation chamber until it was set to -5 Pa, the soft magnetism substrate 
ilm 2 (lOOnm in thickness) which consists of 89at%Co-4at%Zr-7at%Nb on 100-degree C temperature conditions was 
3rmed by the spatter on this ultimate-vacuum 1x10 glass substrate 1. Subsequently, the orientation control substrate 
lm 3 (8nm in thickness) which consists of 50at%nickel-50at%aluminum, and the orientation control film 4 (5nm in 
lickness) were formed by the spatter on the soft magnetism substrate film 2 on 200-degree C temperature conditions, 
he alloy which consists of the 1st raw material (Ru or Re) and the 2nd raw material (V, Nb, Ta, Cr, Mo, W, Mn, 
ickel, Pd, Pt, Ir, Si02, Zr02, Hf02, Ti02, aluminum 203, C or B) was used for the orientation'control film 4. Content 
f the 2nd raw material was carried out as shown in Table 2. Subsequently, the perpendicular magnetic film 5 (30nm in 
lickness) which consists of 62at%Co-20at%Cr- 1 4at%Pt-4at%B was formed. In the above-mentioned sputtering 
rocess, membranes were formed with the gas pressure of 0.5Pa, using an argon as process gas for membrane 
jrmation. Subsequently, the protective coat 6 (5nm in thickness) which consists of carbon with a CVD method was 
>rmed. Subsequently, with the DIP coating method, the lubricating film 7 (2nm in thickness) which consists of a 
erfluoro polyether was formed, and the magnetic-recording medium was obtained. 

)055] (Examples 1 and 2 of a comparison) The magnetic-recording medium was produced like the example 1 except 
Dnsisting the orientation control film of Ru or Re. 

)056] The magnetic properties of each magnetic-recording medium were measured using the read/write analyzer 
WA1632 made from GUZIK, and spin stand S1701MP. In evaluation of magnetic properties, it measured in track- 
xording-density lOOkFCI and error rate 600kFCI (at the time of playback), using a single magnetic pole head as the 
lagnetic head. A result is shown in Table 2. He shows the coercive force at the time of making a magnetic-recording 
tedium magnetize in the perpendicular direction to a substrate 1 . 
)057] 
fable 2] 
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058] In the example which used for the orientation control film 4 the alloy which added the 2nd raw material of the 
>ove from Table 2 to Ru or Re compared with the example of a comparison which used Ru or Re for the orientation 
mtrol film 4, it turns out that the result of having excelled about coercive force He, a playback output, and SNR was 
)tained. 

'059] (Example 37) The magnetic-recording medium was produced like the example 1 by changing the thickness of 
e orientation control substrate film 3 except changing the distance of the soft magnetism substrate film 2 and the 
jrpendicular magnetic film 5. The result of having measured over- writing (it being called OW Over Wright and the 
llowing) of these magnetic-recording medium is shown in drawing 6 . From drawing 6 , when spacing of the soft 
agnetism substrate film 2 and the perpendicular magnetic film 5 exceeds 60nm, by setting this spacing to 60nm or 
ss shows that outstanding reproducing characteristics were able to be acquired to OW being set to 35dB or less, and 
producing characteristics becoming low. 
060] 

iffect of the Invention] If it is in the magnetic-recording medium of this invention as explained above The orientation 
mtrol film consists of an alloy which contains the 2nd element which can dissolve to the 1st element and this 1st 
ement. By the configuration whose 1st element is Ru and/or Re and whose 2nd element is that to which it has a solid- 



tp://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/12/2005 



P,2002-334424,A [DETAILED DESCRIPTION] 



Page 12 of 12 



olution limit community to the 1st element, and the simple substance crystal does not take hep structure, the crystal 
tacking tendency of the orientation control film can be raised, and the crystal stacking tendency of a perpendicular 
lagnetic film can be raised. Moreover, crystal grain can be diameter[ of a granule ]-ized in the orientation control film, 
nd a magnetic particle can be made detailed in a perpendicular magnetic film. Therefore, noise reduction is attained, 
/hile heightening coercive force and raising a playback output. 

D06 1] Moreover, the crystal stacking tendency of the orientation control film and a perpendicular magnetic film can be 
aised by using for the orientation control film the alloy which added at least one sort chosen from from among Si 
xide, Zr oxide, Hf oxide, Ti oxide, aluminum oxide, and C and B to Ru and/or Re. Moreover, crystal grain can be 
iameter[ of a granule ]-ized in the orientation control film, and a magnetic particle can be made detailed in a 
erpendicular magnetic film. Therefore, noise reduction is attained, while heightening coercive force and raising a 
layback output. 



Translation done.] 
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[0034] *mtmm<nwmmmtex'\,$. mmm 
M4 *>\ m i Tcss t . z<r>m. i Tc^t^ LirarirflE^ 

27c»fcS:*tr&A3&»^0, SfSlTcS^'RufcJ:?// 

tOTftiHSttioT, KrS]$iJ«iJ«4^ H B H £i6]'tt^ 
*7tieit]©JffllM4^i3^TlS H B B S^/h^f^bt. 

[0035] iei6i©J«M4 S: . ±f£SI 1 J3it/H27cfg 

hZbtfX'Zh. IS27C355UL fllTcStcMLSl^nrig 
l tc^^' . hep ^jt^ t i,7cS-C-J> &<r> 
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7mx'h&. u^oc m.27tma. mssvas^tm 
ikmm^x-m 1 7c«4: 12(6] 
ffliwiuu rtTisAtfa^MtJt-r *fftc . ws 2 7c**qjf as t 

*Ht*8MWi0>»*£«U SilHtttKSCtivvt. fit 
• C 0 0,3A1. &bv.KMM0Hft4 (cfeuT . .^^i*m 

& S . iot. gdf6]i6ij{i|l§| 4 cOf^#TT'fi!c^-t SSKffi 

[0037] ZtlizML. m 1 7C«lc*} USjgffifffct, 
g|4 •fcfflVVfc^(Ct±r--Stf»c*- ( Co^irrMl' 

fco^M-^. zntztb. mm.m&M5izt$\,\ 

[00 38] 2^ai4M1WR4{C. SiMH, ZriS 

fl:*, Hfitt. TiBMta. aibmmj^ c. b<7) 

(i R e tc^sfln Lfc-^&S: Jflu & <Ii:(Zj;->Ts ISfaftJffll 
[00 3 9] K[6j#J»Bt4tc, ±ie^fe*fflv^iifcfc: 

HK>x'hz>t%z.hz.ttfX'*z>. issmm. c b 
h miz . ease jt^wi ^{c# m i^-n 

Kf6]$i|ffl)fli4t;fcnT, S^Ji#^fifc§*i.^-r<3: 
Zcotci^. §t&)MfflM4mzi5\ l ^X . t&f£a*/]\$<. 



[ 0 0 4 0 ] ifc. ierfil$ljfjp^4 fcfclvC . &Aftff>@ 

B) aSP^W^fcJStT— Cc7)7t 
Elft|iWffl«4<7)^a&<?5ffii&iiiiti^-t^r&. Xr> 

x. &fafflm®4<7)&wTX'f&£:-?$>mmmi£m5iz& 

^X. mgkffiftt±Z7lhtb&ZttfX"*Z,, ftot, 0£E& 
1004 1 ]*^ «i£lKtt]K5<0i|gftSi*itt$ri*i±S 

^ i> i *>'T'^ 5 . i ^^y> . -tmwimiz r & v ^rsawt " 

I0042]ift, -^{^ifSii^-Cli. RufcitX 

[0043] ^St»Jim4. ^^ttT« 2 fc @2|Sj©J 
flMI4'-tolBfc:;-N i a l ^^^'&l!^«fTijilS3'' 

mummxa. mummimt Lxmntth&famm 

TW&3 ^Rtt* C t «t ot . Sl«ltmiK4<0fi[rA&' 
iSM^Sgi:^^. Kl«tlfrF*lUl3SrR*t*ifc(cJ: 

•oxmifimmm4 com^mmit^mt %h<r>\±^ ie 

rtl(M«TJtBl3 (NiAlf) 0& H 9 B *ig#/jN$ < 

[0044] 4fcC o&«3KttWB (CoZr|, Co 
ZrNb^. CoZrTal, CoZrCrS, CoZ 
rMo^f), FejR«C«E14trS(FeCo^ F 
eNil FeAlS, F e C r S^A^) 
h®m&TVm2±.{,Z. Ru^Re^f,^S| 
|6j$iJffliM4Sr, i£Sf»BE-rs«^fc:li v ^n^iX^ttT 

fls^ 2 1 mi*i®mm4 1 0mnmiug&>a\ , se^ 

$"Jffli^4f)%jfflfgRB#(;t>v^T^fii<:*^^ >9{c< <^r 
;W:«L, *H^®T{4. n i a l %h'frt>% 

h mmwYvm. 3 it- . «sftttojsri!fai«i«K4 cm 

ii^Tv^^^. IE(6]$iJffli^4c7)^^ii#tfc(tl.^ 

h z. t iz x o x . K(6iswm 4 jc i> as avJn $ < 
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[0045] *mmmcr.mmxm-eii . mmwrnA 

GAMWIIR4 J: iXSMOKitlUI 5 ^ISJl, WiJtt* 
*4 i i: #«t'S & , * fc£ftMMK4 CC*Jv >T i.'iJf.^r 
>m& it l . «H&14Jg! 5 1 • - fcl >-C tm.Vi-r £ Httf f frf 
6 f/E~>-C. fftK2J&i*i'*>. #ik,T,7Jrl&] 

±£ > LIZ . >M Xflfc«*««n£>sfc4 . 

[004 o ] **: . WLmumm-i iz . \Mmm. c . 

fc«BRS:Jm: *- f# -s. _ > § & .. a ^ Kxmm mm 1 (c 
*5 v -»t nog $: /| 4m ft l . *m:ief+..^ 5 tc*5 v ISM- 

^iWmtth Z b tfZ't h .-. frU'> f . (SKA 5: ,s, 

[ o o 4 7 ] ia 2 oth- x -:> tc . >K*ues* *V:f* 

C o&&t ITti, C o C r JffluSC^m -5. i 
tzT a , Z r . Nb. C u . F; e „ R. u , N i M n . 
Ge. Si. O. N , BfrbMttti&im&tzli2m m l 

-±L<7)7tm Sr C o e r izmu b tz ffl t » & C .t ^t" *• - - 

•2. . S fcT a, Zr. Nb, Cu, Re> Ru. Ni. 
Mn, Ge. Si, O, N. B/j^MIHl^ 1 H£>^Ji 
2 am±^7C* fc . Cotf •£ tr#BStt<?) c o £:& £- HI 
US .Ik ^satt4"(SMRS{i, J?^* £ > 4WT 

&14J8! 5 i: &ESteTi{tlB£ 2 <7)HPjt*<* § < & ^ > iz 

x o #a?&a<«t l y -f xtsty/* -&^y>. 

2 0 n rn y.T t "T & 0* J *t 4 L < . 1 0 n in UlY > Z, 
CO** J: 0^4 Lav.. ^^Ktt*fSIM8 d t lz£ -, 

[ 0 0 4 8 ] H 3 «k t> . *?6BJ^)^^f fi^tgf* 
T'li. (MSttT«l«2fc£«l fc^Htc. HrtiSIKWA- 

c r&&$m^&zbtfz'$i>. £tzw&&mt%i±m 

0 (Oe) tLh (»4L<{il 000 (Oe ) tLh) X' 
h&ZbtmtL^. «BBtt«90JS$ii. 2 0-15 
Onm (jlf^L<li:4 0~7 0nm) ^-rSc0i?4L 

*|6ltJK^$ix. «0KttT«>H2 fc<^Btc5aft^3&<Jf5 
j£§ftTUi>^fc#*?ifcU->. 51®ttm9<7)iSTt;(i. 



[0049] «aeiii9e»»t&ifccj:o-c. wm.it 
m±zm<'z\ttfz'$. *7-u-hmmzmtL. mm 

it. MTeom&zXZ. IX^'ttTlffifl2{i. &&Jjtf>h 

[6] (c &±%m®. z mm- h . ^ ^it^ttTtfiM 2 
Ewit^T-ab ^> issu . m 9 j a xmi^wm t % 

?> ^ t tfh h . susttigf 9 ^KittTii 2tmmit 

2-35m^$-tt. WattTlft«2«OK'ftS-|ftiS:5fi«IWt 

[0050JB4I1 *ii»wt«saa«E»s^siBo 
■m*:*i-Mwffitimx'h& . ^ onnc^ismieisB 
t.-^isti, ±ierafiJcoj^fe#*«#i ot. i<oa»ne 
o2-0S£^fj)$-fri»«E#:^i»gpi u, mmz 

2 c . y H 1 2 *Saa$*S^-y FIBi&gP 1 3 

h . si!^W±ft-^JKI^ 14b «HBM.-C^S . IE»I?^ 

- fig«^/ H I -2izm^ fz Vv-WSH^ v K l 2 4, <nmL - 
[ 0 0 5 1 ] ^m^ y K 1 2 b L-tfi, m^^ v KS- 

eta; 1 7 .h iBJE^tti*^® 1 s b ^-thmmm^^ . 

1WiJf;i£S*u ±Kil7li, ae«WrtcsmttK5fc: 

[ 0 0 5 2] mmk^ v vi2zm^z, mmmt&fo 

(i. ifiHsaejKs. ®:^ttTtifeffi2 2-a^Tfiiajm®i 
8 mimzmffcth . z comtm^m-mm^. •■/ k 
1 2 bfismian^ 1 0 b ame»j£3*is ; t c«fc 

*u . tmm i 7 1 mm.\tm 2 b nm^mai b u&m & 

$ < ') . «l£7)fii8lj©fli l 8*^oil^lc J: OSSJKtt 
IK5 WlKit*«»«*Stt&C k«!Sr^. i^*^T- 
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<fs^aJtcE^»svffijji (gmr) m^mttzm^m 

C0053] *nwwaaiMummi* tmmmfo i 

o^MmmmmA c. ±iess i =b =fci/m 2 tbs? 

^ ( t fcii±mm{m>. c . b ^-s-tfgs 1 7c^^ > * 

fflv v* cot', KfflMMR 4 *> J; SSfiSttJK 5 otfclUE 
[00 54] 

immm) kit, sww£*L^*rafl^»ftmwMi*gj 
( m&m i—36) &&mx. <?> # y x ^ & 1 < * # ^ % 

*M12. 5-f>f-) &DC7?'-f|-n> ?./\-v^K 
B ( T ^AVN'ttSJC -3010) c7.)h!c.ij« + ..- > / x|'.j( *|R 

S t , I 'lasss i x i o - 5 p .-i > i -c-BtR -f- a- > 

^l*l£^£lL*:&, |.(-. l dot..;') 

*SJ!f^:frT8 9 a t %C o - 4 a t Z r 7 .-, t ".. N 

b frt>%&mmTmm 2 < j?* tum r -< / , ... 

^fttcJ: DJgtfSLfc. &V>T\ 2 0 0 i '.'i„ , „ , ,i < v Y:fl \'\ 
«SBttTiffiIS2±£. 5 0a t*\,N i m.,i "..a I 
*>-^=5r&El6l*"J»TW3- <-@S s n it. • v..- ndM-MttP 
M4 (J¥$5nrn) £; ar^.M" y ^&{;,t ') M »_ flil 
l*J*!»Bt4 CJi . miWM < R u i 1 1 ; . ■ t . :« j 



Mf\ (V s Nb. Ta. Cr, Mo, W % M n . N i , 
P d . Pt. Ir. SiO;, Zr0 2 . Hf 0 2 , T i 
0 2s A1 2 0 3 . C, *7tliB) £7^3r&^#£JHU 

T\ 62at%Co-2 0at%Cr-14at%Pt 
-4at%Bfrb%Z>mWmim5 (|$30nm) * 

07Dtx^iLtr;WyJ|i\ tfxEEJiO. 5 
PaCT^HSr^T-^^. CVD£(;J:')*--f 
^*»i9*4«aiH6 (/¥$5nrn) £J&£Lfc. 
X\ T4 vTa—y^s yfmzj: 0, 7>V*utfV 

[0055] (Jt«M 1.2) £|ftT$j19M££- . Rui^ 

[0056] «fiB&SBSl&tta^?^£r . G u z r K 
tS'J-K^ h7t7-<fRWAl 6 3 2. 
t* >- X ? > K s 1 7 0 1 M P Srffl V >T ifflJE L . fig£H¥ 

igieii^Jg lOOkFCI, 15-1/- h 6 0 0 k FC 

i m±m) izxmfez'ff-otz. «s»sr*2tc^. h 

[00 57] 

IM2) 



BNSOOCID: <JP 2002334424A_J_> 



(?l 0) )0 2- 3 34 4 24 (P20O2-1F 41 









H c 




S N R in 






(at%) 


<0e) 


(mV) 


(dB) 




Ru-V 


25 


4354 


2.87 


17. 69 




Ru — Nb 


25 


4199 


2. 86 


17. 74 




Ru — Ta 


15 


4229 


2.97 


17.71 




Ru— Cr 


40 


4075 


2. 98 


17. 80 




Ru-Mo 


40 


4137 


2. 96 


17. 66 




Ru — W 


40 


4144 


2.9t 


17. 58 




Ru — Mn 


40 


4055 


2. 84 


17, 77 




Ru — N i 


40 


4412 


3.01 


17. 82 




Ru-Pd 


15 


4130 


2. 86 


17. 78 


m&mo 


Ru — Pt 


15 


4096 


2.99 


17.73 




Ru-Ir 


40 


4095 


2.86 


17.61 




Ru — Si0 2 


20 


4022 


2.95 


18. 10 




-Ru — Zr02 


-20" 


4200~ 


"2.96" ' 


"17.78 T 




Ru-Hf02 


20 


4024 


3.00 


17. 78 | 




Ru — Ti02 


20 


4291 


2. 89 


17. 72 


^Jfe«I6 


Ru-Al203 


20 


4112 


2.98 


17. 59 




Ru-C 


25 


3933 


2.89 


17. 56 




Ru-B 


25 


4099 


2.87 


17. 73 




Re— V 


5 


4073 


2.84 


17.66 




Re-Nb 


5 


4092 


2.88 


17. 68 




Re-Ta 


5 


4027 


2.80 


17.77 




Re— Cr 


15 


3998 


2.96 


17.76 


I£jfe0i23 


Re-Uo 


15 


4211 


2.90 


17.62 




Re — W 


15 


4038 


2.86 


17.58 


3?lfefcl25 


Re— Mn 


15 


3991 


2. 79 


17.73 




Re — Ni 


15 


3800 


2.91 


17.81 




Re — Pd 


40 


4148 


2.84 


17.61 




Re-Pt 


40 


3927 


2.86 


17.50 




Re-Ir 


40 


3892 


2.81 


17.65 




Re-Si02 


20 


3783 


2.86 " 


18.21 * 




Re— Zr02 


20 


4082 


2.90 


17.71 




Re-Hf02 


20 


4088 


2.86 


17.60 


3l&#]33 


Re-Ti02 


20 


3974 


2.89 


17. 79 


^fe«Sj3^ 


Re — A1203 


20 


3966 


2.76 


17.64 




Re-C 


15 


4173 


2. 88 


17. 52 




Re — B 


15 


4237 


2.86 


17. 66 




Ru 




3404 


2.84 


14.04 


Jfc«tfl2 


Re 




3128 


2. 79 


13.81 



[00 58] *t2±9, mft&mti&4iZRu£til±Re 
fcJfltvfci&RWtcJt^ Ru£fzt,£Re<,Z±.i?M2J¥M 

&3jh c „ n±&-fi , snr iz-o^xmtitzmm&nt* 

[0059] {mm 3 7 ) SiftiM VPTf&HR 3 OJ? $ £■ 

^t&ztizxr>xwm^Ttm2tmmm\m5 to 
mmz^tzithzituMimmMi tmrnizLxms*, 

■i h (Over Wri ght, fcTF\ OWizUd ) £ 
I!5£LfcS*£EI6t3jr$\ !26<fcD. «S8ttT«>§S2 

tmw.$mm5 t<vmmt> { 6 o nm^mthm^zao 

Yftf 3 5 d B WF t tt <0 f?±t#tt#fflc <%&<7)lzm^ 
Z<Dmm£6 0nmMTt~?2>Ztlz£'>Z, WxtzM 

[0060] 



f& 1 itmizM-t & WgfRR&HL , **o-eo#**S 
£ fa± $ it h Z. t ffT £ h . i fcKlfllSJWRlwtil vt « 

[0061] iJtEi6m»jRt=, s i mm. z riwk 

*J. Hfltt. TigHLt), AlBMfcfiL C. Bcod 

ReizmnLtz-£&zm^&ztt,zj:^z. mftmwm 
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[04 ] *^c7)iSMiei*S*^Sw-^J*^-rffi{ 



[06] 5CSiIJ*t/77t|>l. ( 
[^^IftHJ] 

1 O-BtftCttttffc. 1 2-fi8«^.y F 



[0i] 




[02] 




1 

2 
3 
4 
5 

6 , 

7 ; 



ran 



16 



[05] 



15 



r 

17 



18 



[03] 



[04] 



7777; 




[06] 




10 30 50 70 




11 



7 

14 
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